A non-motile and rod-shaped bacterium, designated strain WW84 T , was isolated from freshwater collected from the Woopo wetland (Republic of Korea). Cells were Gram-stainnegative, aerobic, catalase-positive and oxidase-negative. The major fatty acids were C 16 : 0 , C 18 : 0 , iso-C 15 : 0 and iso-C 17 : 1 I and/or anteiso-C 17 : 1 B. The strain contained MK-7 as the major isoprenoid quinone, phosphatidylethanolamine as the major polar lipid and sym-homospermidine as the major polyamine. The DNA G+C content was 59 mol%. A phylogenetic tree based on 16S rRNA gene sequences showed that strain WW84
The genus Hymenobacter, a member of the family Cytophagaceae (Stanier, 1940) , phylum Bacteroidetes, was proposed to group Gram-reaction-negative, non-spore-forming and non-motile rods producing large amounts of extracellular polymeric substances and spreading in thin pinkish layers on agar surfaces (Hirsch et al., 1999; Buczolits et al., 2006) . At the time of writing, the genus comprises 40 species with Hymenobacter roseosalivarius as a type species. Species of the genus Hymenobacter have been isolated from a wide range of sources including air, soil, fresh water, estuarine water and extreme conditions such as arid land, glacier and uranium mine waste water treatment systems (Baik et al., 2006; Buczolits et al., 2002; Chang et al., 2014; Chung et al., 2010; Kang et al., 2013; Klassen & Foght, 2011) . Several species are resistant to radiation (Collins et al., 2000; Dai et al., 2009; Zhang et al., 2007) . In the course of our study on wetland microbial diversity, a rod-shaped bacterial strain, designated WW84
T was isolated from a freshwater sample and subjected to a polyphasic taxonomy investigation.
WW84
T was isolated from a freshwater sample collected from the inland wetland of Woopo (35 33¢ N, 128 25¢ E) located in the Republic of Korea, using the standard dilution plating technique. Isolation was achieved using Reasoner's 2A (R2A, Becton Dickinson) agar at 25 C for 7 days. The isolate was routinely cultured on R2A agar and preserved at À80 C as a suspension in distilled water containing 20 % glycerol (w/v). Hymenobacter ocellatus KACC 12070 T , Hymenobacter deserti KACC 14088 T (purchased from KACC, Korea) and Hymenobacter koreensis GYR3077 T (provided from Professor K.-Y. Jahng, Chonbuk National University, Republic of Korea) were used as reference strains for phenotypic characterization and fatty acid analysis.
Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Chun & Goodfellow, 1995) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon/; Kim et al., 2012) sequence and related sequences were aligned by using CLUSTAL_W (Thompson et al., 1994) , and the alignment was refined using BioEdit version 7.2.0 (Hall, 1999) . Phylogenetic analysis was performed by using the software packages MEGA version 6.06 (Tamura et al., 2013) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1993) and maximumparsimony (Fitch, 1971) algorithms. The distance matrix of the neighbour-joining method was generated according to the model of Jukes & Cantor (1969) . The robustness of the topology in the neighbor-joining phylogenetic tree was evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. The DNA G+C content of strain WW84 T was determined in triplicate by the thermal denaturation method of Marmur & Doty (1962 Gordon & Mihm, 1962) , marine (MA; Becton Dickinson) and R2A (Becton Dickinson) agars. Cells of strain WW84
T grown on R2A agar at 30 C for 3 days were used for the physiological and biochemical tests and the results were recorded up to 10 days unless otherwise indicated. Cell morphology was observed by phase-contrast (TMS-F; Nikon) and transmission electron (CM20, Philips) microscopy using cells grown at 30 C for 3 days on R2A agar and 2 days in R2A broth, respectively. Motility was examined by observing cells in wet mounts using phase-contrast microscopy (Axioskop 40, Zeiss). The pH range for growth was determined in R2A broth adjusted to pH 4-11 (using increments of 1 pH unit) by using 100 mM acetate buffer (pH 4-5), 100 mM NaH 2 PO 4 /Na 2 HPO 4 buffer (pH 6-8) and 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 9-11). Growth temperature (4, 10, 15, 20, 25, 30, 37, 40, 42 C) and NaCl tolerance [0, 0.1, 0.2, 0.3, 0.4, 0.5, 1, 2, 3, 4, 5 % (w/v)] were tested on R2A agar. Anaerobic growth on R2A agar was tested using the AnaeroPack-Anaero (Mitsubishi Gas Chemical). Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. Hydrolysis of carboxymethylcellulose (CMC) was assessed on R2A agar supplemented with 0.5 % (w/v) CMC (Sigma) and the plate was flooded with 0.2 % aqueous Congo red dye solution followed by removal of extra dye and flooding the plate with 1 M NaCl solution. A clear zone around bacterial growth indicated positive hydrolysis. For assessing hydrolysis of alginate (0.5 % sodium alginate, w/v), casein (2 % skim milk, w/v), chitin (1 % colloidal chitin, w/v), hypoxanthine (0.5 %, w/v), L-tyrosine (0.5 %, w/v), pectin (0.5 %, w/v), starch (0.5 % soluble starch, w/v), Tween 20 (1 %, v/v), Tween 80 (1 %, v/v), xanthine (0.5 %, w/v) and xylan (1 %, w/v), R2A agar was supplemented with each substrate at concentrations recommended by Smibert & Krieg (1994) . DNase activity was determined with DNase test agar (Becton Dickinson). The presence of flexirubintype pigments was tested using the KOH test as described by Bernardet et al. (2002) . Cell extracts for carotenoid analysis were prepared with methanol (Klassen & Foght, 2008) and the absorption spectrum (200-800 nm) was recorded using a UV-visible spectrophotometer (Ultrospec 2100pro; Biochrom). Acid production from sugars was examined by using phenol red broth base (Becton Dickinson) containing 0.5 % of each sugar. The API 20NE and API ZYM tests were used to measure the carbon-source assimilation and enzyme activity of all strains according to the manufacturer's instructions (bioM erieux). Antibiotic resistance of WW84 T and reference strains was determined with the disc-diffusion method using commercial antibiotic-impregnated discs (BBL Becton Dickinson). After 5 days of incubation at 30 C on R2A agar, the results were interpreted according to the guidelines set forth by the CLSI (2009).
Cells were Gram-stain-negative, non-motile and rod-shaped. On R2A agar, WW84
T was able to grow at pH 6-8 (optimally at pH 7) and at 4-40 C (optimally at 30 C). Extracellular polymeric substances were produced and aggregation to tight thin layers on agar surfaces was found. Colonies were circular, shiny, 1-2 mm in diameter and red-pink colored on R2A agar after 3 days. WW84
T was sensitive to following antibiotics (µg per disc, unless otherwise indicated): ampicillin (10), chloramphenicol (30), erythromycin (15), nalidixic acid (30), penicillin (10 IU), tetracycline (30) and vancomycin (30) but resistant to amikacin (30), gentamicin (10), kanamycin (30) and streptomycin (10). The detailed results of morphological, physiological and biochemical analyses are given in Table 1 , Fig. S1 (available in the online Supplementary Material) and the species description.
Cell biomass of strain WW84
T and reference strains for cellular fatty acid analysis were obtained from cultures grown on R2A agar at 30 C and harvested at late-exponential growth phase; i.e. 3 days. Extraction of fatty acid methyl esters and separation by GC were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the TSBA6 database. For analyses of polar lipids, polyamine patterns and isoprenoid quinone, cells grown in R2A broth for 3 days at 30 C were harvested and freeze-dried. Polar lipids were extracted, separated by two-dimensional TLC and identified by spraying the plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Polyamines were extracted and analyzed according to the protocol of Schenkel et al. (1995) . Isoprenoid quinones were extracted and purified according to the method of Minnikin et al. (1984) and analyzed by HPLC as described by Collins (1994) The cellular fatty acid profile of strain WW84 T is described in Table 2 . Overall fatty acid profile of strain WW84
T was similar to those of related species except for higher proportions of C 16 : 0 and C 18 : 0 . Quinone analysis revealed a spot that corresponded to menaquinone-7 (MK-7). The DNA G+C ratio of strain WW84
T was 59 mol%. The major polar lipid of strain WW84
T was phosphatidylethanolamine; five unidentified polar lipids, four unidentified aminolipids and an unidentified aminophospholipid were also detected (see Fig. S2 ). The major polyamine of strain WW84
T was
Hymenobacter aerophilus DSM 13606 T (EU155008)
Hymenobacter actinosclerus CCUG 39621 T (Y17356)
Hymenobacter psychrophilus BZ33r T (GQ131579)
Hymenobacter norwichensis NS/50 T (AJ549285)
Hymenobacter tibetensis XTM003 T (EU382214)
Hymenobacter chitinivorans Txc1 T (Y18837)
Hymenobacter elongatus VUG-A112 T (GQ454797)
Hymenobacter qilianensis DK6-37 T (KF723715)
Hymenobacter roseosalivarius AA-718 T (Y18833)
Hymenobacter roseus JC245 T (HG965772)
Hymenobacter algoricola VUG-A23a T (EU155009)
Hymenobacter daecheongensis Dae14 T (EU370958)

Hymenobacter fastidiosus VUG-A124 T (EU155015)
Hymenobacter flocculans A2-50A T (HM032897)
Hymenobacter metalli A2-91 T (HM032898)
Hymenobacter ginsengisoli DCY57 T (JN090860)
Hymenobacter arcticus R2-4 T (KC213491)
Hymenobacter arizonensis OR362-8 T (JX294485)
Hymenobacter glaciei VUG-A130 T (GQ454806)
Hymenobacter antarcticus VUG-A42aa T (EU155012)
Hymenobacter ruber PB156 T (KF056994)
Hymenobacter soli PB17 T (AB251884)
Hymenobacter saemangeumensis GSR0100 T (JN607158)
Hymenobacter sp. WW84 T (KF631222)
Hymenobacter ocellatus Myx 2105 T (Y18835)
Hymenobacter deserti ZLB-3 T (EU325941)
Hymenobacter koreensis GYR3077 T (JN607157)
Flavobacterium aquatile sym-homospermidine, similar to members of the genus Hymenobacter (Buczolits et al., 2006; Hoang et al., 2013; Kang et al., 2013; Zhang et al., 2008) .
A number of phenotypic characteristics and fatty acid profile clearly distinguished WW84
T from strains representing other species of the genus Hymenobacter. Therefore, WW84
T should be classified as representing a novel species within the genus Hymenobacter, for which the name Hymenobacter coalescens sp. nov., is proposed.
Description of Hymenobacter coalescens sp. nov. Cells are Gram-stain-negative, aerobic, non-motile, rodshaped and approximately 0.8 µm in diameter and 2.5-4.5 µm in length. Colonies are circular, raised, smooth, shiny, 1-2 mm in diameter and red-pink colored on R2A agar after 3 days. Growth occurs on R2A, NA, PCA and GYEA but not on MA and TSA. Growth occurs with 0-0.4 % (w/v) NaCl (optimum, 0 %), at pH 6-8 (optimum, pH 7) and at 4-40 C (optimum, 30 C). Catalase-positive and oxidase-negative. Cells produce extracellular polymeric substances and aggregate to tight thin layers on agar surfaces. Flexirubin-type pigments are absent. Methanol extracts show the typical spectrum of carotenoid pigment with the maximum absorption at 484 nm with shoulders at 453 and 503 nm. Hydroxyflexixanthin is the major carotenoid. Nitrate is not reduced to nitrite. Indole and H 2 S are not produced. Aesculin, casein, gelatin, starch, Tween 20 and Tween 80 are hydrolyzed, but sodium alginate, chitin, . All data are from this study unless otherwise indicated. +, Positive; W, weakly positive; À, negative. All strains were pink-red colored, displayed aerobic metabolism and were positive for activity of catalase, alkaline phosphatase, esterase lipase (C8), acid phosphatase, naphthol-AS-BI-phosphohydrolase and hydrolysis of casein, starch, gelatin, Tween 20 and Tween 80. All strains were negative for gliding motility and production of flexirubin-type pigments, H 2 S and indole, reduction of nitrate to nitrite, hydrolysis of sodium alginate, urea, CMC, chitin, pectin, xylan, hypoxanthine and xanthine and activity of lipase (C14), cystine arylamidase, Trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, a-fucosidase and a-mannosidase. Cells are sensitive to (µg per disc, unless otherwise indicated): ampicillin (10), erythromycin (15), vancomycin (30), nalidixic acid (30), penicillin (10 IU), tetracycline (30) and chloramphenicol (30) but resistant to amikacin (30), gentamicin (10), streptomycin (10) and kanamycin (30).
Characteristic 1 2 3 4
Growth at:
Esterase ( Buczolits et al. (2006) . †Data from Kang et al. (2013) . ‡Data from Zhang et al. (2009) .
CMC, DNA, hypoxanthine, L-tyrosine, pectin, urea, xanthine and xylan are not. Acid is produced from glucose; negative for acid production from fructose, galactose, mannose, lactose, maltose, mannitol, rhamnose, sucrose, xylose and trehalose. In the API ZYM gallery, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase, N-acetylb-glucosaminidase, valine arylamidase and a-glucosidase are present but a-chymotrypsin, cystine arylamidase, afucosidase, a-galactosidase, b-galactosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase, and trypsin activities are absent. The predominant fatty acids (>10.0 % of total fatty acids) were C 16 : 0 , C 18 : 0 , iso-C 15 : 0 and summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B). The major respiratory quinone detected is menaquinone-7 (MK-7). The major polar lipid is phosphatidylethanolamine (PE); five unidentified polar lipids, four unidentified aminolipids and an unidentified aminophospholipid were also detected. *Summed features are groups of two or three fatty acids that cannot be separated by GC with the MIDI system. Summed feature 1 contained iso-C 15 : 1 H and/or iso-C 15 : 1 I and/or C 13 : 0 3-OH; summed feature 3 contained C 16 : 1 !7c and/or C 16 : 1 !6c; summed feature 4 contained iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; summed feature 8 contained C 18 1 !6c and/or C 18 : 1 !7c; summed feature 9 contained iso-C 17 : 1 !7c and/or C 16 : 0 10-methyl.
